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Abstract of the disclosure 

Prodrugs, their preparation and use as pharmaceuticals 

Glycosyl-spacer-drugs compounds (prodrugs), their preparation and their use as 
pharmaceuticals are described.a 
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BEHRINGWERKE AKTIENGESELLSCHAFT HOE 92/B 026 - Ma 944 

Dr. Ha/Bi 



Prodrugs, iheir preparation and use as pharmaceuticals 



The Inveiition relates to glycosyl-spacer-drug compounds (prodrugs), to the preparation 
thereof and to the use thereof as pharmaceuticals. 

The therapy of malignant tumors, inflammatory diseases, or autoimmune diseases is, 
besides the inadequate efficacy of the therapeutics, usually associated with severe side 
effects. This deficiency can be mainly explained by the fact that the In vivo selectivity of the 
dmgs used is too low. Thus. In many cases, the favorable in vitro pharmacological 
properties of the drugs cannot be confirmed in vivo. . 

Scientists have been concerned with this problem for many years, although without 
extensive success. One direction of research was concerned with the preparation and use 
of substances which are metabolized in vivo to prodrugs which are subsequently cleaved 
site-specifically by enzymes to give the drugs. Thus. Sweeney and coworl<ers (Cancer 
Research 31. 477-478 1971) used mycophenolic acid, which is metabolized in vivo to inert 
mycophenolic acid glucuronide, for the treatment of malignant tumors in animals. The 
observed effects on tumor growth were explained by the authors by enzymatic elimination 
of glucuronic acid by glucuronidase present outside the cells of the tumor, i.e. on the tumor 
cell membrane, followed by uptake of mycophenolic acid Into the tumor cells. Attempts of 
therapy based on an identical concept were carried out by Young et al. (Cancer 38. 1887- 
1895. 1976) with aniline mustard in a clinical trial. They treated tumor patients whose 
tumors were tested for high {^glucuronidase levels with aniline mustard which, according to 
their hypothesis, ought to undergo hydroxylatiori in the liver followed by glucuronidation and 
be cleaved on the tumor by [^glucuronidase to toxic hydroxyaniline mustard. However, the 
therapeutic results were rather disappointing. 

Another direction of research went one step further and entailed chemical preparation of. 
for example, aniline mustard methyl glucuronate or 6-mercaptopurine glucuronide. 
However, these prodmgs showed only a low degree of detoxification, which stood in the 
way of in vivo use. iWore favorable properties were shown by 5-fluorouracil 0-|>D- 
glucuronide (FUOG) or 5-fluorouracil N-glucuronide (FUNG), compounds from a Japanese 
research group (Baba et al., .Gann, 69. 283-284. 1978). The glucuronidation of 5^ 
fluorouracil increased the LD50 from 200 mg/kg for 5-FU to 5,000 mg/kg for the 
con-espondlng glucuronide. However, a distinct effect was obtained only with FUOG after 
ten i.v. administrations and glucose acidification in the treatment of a mouse mammary 
carcinoma; However, it must be emphasized here that the treatment was started as early as 
24 hours after implantation of a piece of tumor, a time at which it is certainly not yet possible 
to speak of an established tumor. Probably caused by potential tissue damage during the 
implantation, lysosomal glucuronidase was released in the tumor and, combined with the pH 
reduction associated with glucose treatment, led to in vivo activity. The relevance of this 
model for the clinical situation appears very doubtful, however. The fact that to date no 
therapeutic agent has resulted from these compounds indicates the low in' vivo activity of 
the compounds. 

Katzenellenbogen*s research group (WO 81/01145) expected an improvement in the 
activity of prodrugs from the synthesis of peptide-spacer-dmgs in place of glucuronyl-dmgs. 
The activating enzymes Intended to be used in this case are tumor-associated fibrinolytic or 
coagulating proteases such as. for example, plasmin or plasminogen activators. In vivo 
pharmacological activity was not shown either for the doxorubicin- or arabinosylcytosine- 
spacer-peptides described in WO 81/01145 in the Journal of Medicinal Chemistry, 24, 479- 
480 (1981)*and which can be activated in vitro by proteases. The lack of selective in vivo 
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activity of these compounds can be explained given the background of our current 
knowledge about the ubiquitous extracellular occurrence of the abovementioned proteases 
in the human body. 

Despite a large number of indications in the literature cited above about the not very 
successful use of prodmgs containing glucuronic acid, even in combination mih glucose 
acidification (Baba. T. et a!., Gann 69, 283-284. 1978), Rubin obtained In 1984 a US Patent 
(No. 4 481 195) In which he proposes the use of glucuronic acid-drug compounds after 
acidification of the tumor and alkalinization of the normal tissue. It appears that no 
therapeutic agents which can be used with clinical success have emerged as yet from this 
invention. 

In addition, butyric acid prodrugs which can be cleaved by esterases have been described. 
However, it has emerged that the therapeutic effects of the butyric acid liberated from the 
prodmgs in vivo are inferior to those of a standard cytostatic (cisplatin). 

Ail the studies discussed so far are based on activation of prodrugs by endogenous 
enzymes. However, the in vivo therapeutic effects which can be achieved with this principle 
appear hot to be superior to standard chemotherapy. 

Independently of the direction of research described previously (prodrug activation by 
endogenous enzymes) there was development of ja new direction of research which 
attempted, after prelocalization of xenogeneic antibody-enzyme conjugates in the target 
tissue, to cleave prodaigs selectively to cytotoxic dnjgs in the target tissue (Philpott et al., 
Surgery 74, 51. 1973; Cancer Res. 34. 2159. 1974). Bagshawe (WO 88/07378) proposed, 
based on the work of Philpott, the use of xenogeneic antibody-enzyme conjugates in 
combination with prodrugs, for the treatment of tumors. He used mouse monoclonal 
antibodies chemically coupled to bacterial carboxypeptidase G2 as antibody-enzyme 
conjugate and glutamyl mustard as prodmg. Senter (USP 4,975.278) describes combination 
of antibody-enzyme conjugates composed of mouse monoclonal antibodies chemically 
bonded to alkaline phosphatase or penicillin V amidase with etoposide phosphate and N-(p- 
hydroxyphenoxyacetyl)adriamycin or prodmgs. Both systems (Bagshawe and Senter) have 
the disadvantage that the antibody-enzyme conjugates used are xenogeneic and thus 
highly immunogenic . This means that there is probably no possibility of employing them 
repeatedly on the same patient in a plurality of therapy cycles.. In addition, the Senter 
system has the disadvantage that phosphatases occur in considerable quantity in human 
blood, which means that there is systemic activation of the prodmg. 

As a result of these shortcomings. Bosslet et al. (Br. J, Cancer 65. 234-238. 1992) prepared 
a fusion protein which is composed of the humanized F(ab')2 fragment of ari anti-CEA 
antibody and of human [^-glucuronidase and which Is enzymatically active, has tumor 
selectivity, is able to cleave glucuronyl-dmgs (Florent et al.. Int. Carbohydr. Symposium p. 
297, Abstract A262. Paris. 1992; Gesson et al., Int. Carbohydr. Symposium p. 298. Abstract 
A263, Paris, 1992; Andrianomenjanahary eta!.. Int. Carbohydr Symposium p. 299. Abstract 
A264, Paris, 1992) and, according to the current state of knowledge, has only little or no 
immunogenicity. 

During studies on the synthesis and in vivo phanfnacological testing of compounds which 
were intended to be optimally cleaved from this fusion protein, we have unexpectedly found 
substances which are cleaved very efficiently in tumors with a merited proportion of 
disintegrating cells, in inflammatory processes and in autoimmune diseases without 
previous administration of the fusion protein. 
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In this case, the compounds are activated by enzymes which in the healthy individual occur 
prindpaliy inside cells but which under the abovementioned pathophysiological conditions 
nave a local extracellular occurrence. 

L1.1!fi general formula glycosyl-spacer-drug wherein the glycosyl 

^IS^ an<l spacer can be cleaved off the drug under physiological or pathophysiological 
oondrtions. The properties of these compounds are such that, in general, the poly-, oligo- or 
monogiycosy radical is cleaved off by enzymatic hydrolysis and then the spawr is 
hK.T^E'^J?®^"®'' ^t'^y hydrolysis. Drug means a chemical substance with 

JhSf^K 7®» ,® Pf'ar^aceutical agent, as well as the derivatives thereof 

obtained by introducing additional hydroxyl. amino or irtiino groups. 

• The invention relates to compounds of this type and to the use thereof. 

The invention relates in particular to glycosyl-spacer-drug compounds of the fomiula I 

glycosyl-Y[-C(=Y)-X-]p-W(R)n-X-C(=Y)-drug{l) 

in which 

gbrcosyl is a poly-, oligo- or monosaccharide which can be cleaved off enzymaticaliy 
IS an aromatic or heteroaromatic or aliphatic group with conjugated double ' 
bonds or an amino-acid derivative radical which (yclizes after elimination of 
the glycosyl radical, preferably having 5-20 carbon atoms and 0-4 
heteroatoms. where heteroatom means N. O or S. to which the substituents 
R can be bonded, where 

R are. independently or identically, H. methyl, methoxy, carboxyl 

methyloxycarbonyl. CN. hydroxyl. nitro. fluorine, chlorine, bromine, sulfo. 
sulfamoylor(C1-4)-alkylsulfamoyland 

P IsOorl 

n is an integer. 

V •* "'s^'y'^neoxy, methyleneamino or methylene(C1-4)-alkylamino 

• is o -or NH, and 

drug te a compound which is Knifed via a hydroxyl. amino orimino group and has a 

biological effect, preferably a phamiaceutical agent, particulariy preferably an 
anthracycline which is linked via a hydroxyl or. when p = 0. non-3'-amino 
group, preferably doxombidn. 4'-epidoxombldn, 4- or4'-deoxydoxombidn or 
^.compound preferably selected from the group comprising etoposides. N,N- 
b is(2-chloroethyl)-4-hydroxyaniline, 4-hydroxycyclophosphamide, vindesine 
vinblastine, vincnsline. terfenadine, terbutaline. fenoterol. salbutamol 
muscanne. oxyphenbutazone. salicylic add. p-aminosalicylic add 5- ' 
fluorouradl. 5-fluoroqrtidine. 5-fluorouridine, 
rnethotrexate. diclofenac, flufenamic acid, 4.methylaminophenazone, 
theophylline, nifedipine, mitomydn C. mitoxantrone. camptothedn. m-AiViSA 
taxol nocodazole. colchidne. cydophosphamide. rachelmycin. dsplatin 
melphalan, bleomycin, nitrogen mustard, phosphoramide mustard, quercelin 
genistem, erbstatin, tyiphostin, rohitukin derivative ((-)-ds-5,7-dlhydroxy-2-f2- 

EP 891 19710.5). retinoic acid, butyric acid, phorbol ester. DIViSO 
aclaanomycin. progesterone, buserelin, tamoxifen, mifepristone ' 
onapnstone, N-(4-aminobutyl)-5-chloro-2-naphthalenesuifonamide 
pyndlnyloxazol-2-one. quinoiyi-, isoquinolytoxazol-2-one, staurosporine 
ethanolamine, verapamil, forskolin, 1 ,9-dideoxyforskolin. quinine, quinidine 
reserpine. methyl 18-0-(3.5- dimethoxy-4-hydroxybenzoyl)resefpate 
tonidamine, buthionine-sulfoximine. diethyl dithiocarbamata. cyclosporin A 
azathioprine. chiorambudi. N-(4- 
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trifluoromethylphenyl)-2-cyano-3-hydroxycrotonamide (WO 91/17748). 15- 
deoxyspergualine. FK 506. ibuprofen. indomethacin. aspirin, sulfasalazine, 
penicillamine, chloroqulne. dexamethasone. prednisolone, lidocaine, 
propafenone, procaine, mefenamic acid, paracetamol. 4-amlnophenazone, 
muskoslne, orclprenaline. isoprerialine, amiloride. p-nitrophenyl 
guanidinobenzoate or their derivatives additionally substituted by one or more 
hydroxyl, amino or imino groups. 

Preferred compounds of the formula I are those 
in which 

W is a phenyl radical or a polysubstituted phenyl radical in which the substituents 
R are, Independently or identically, H. methyl, methoxy, carboxyl, methyloxycarbonyl, 
CN. hydroxyl, nitro, fluorine, chlorine, bromine, sulfo. sulfamoyi or (C1-4)-aIkyl5ulfamoyl 
and 

p jsOorl, 
n is 1 to 4. 

X is p, NH. methyleneoxy. methyleneamino or methylene(Ci^)-alkylamino 

Y . isOorNH,and v jr 
drug is a compound as described above. 

Particulariy preferred compounds, of the formula I are those compounds in which 

glycosyl is a poly-, oligo- or monosaccharide, in particular an alpha- or beta-O- 

glycosidicaiiy linked E>-glucuronyl. D-glucopyranosyl. E>galactopyranosyl. N- 
acetyl-l>glucosaminyl. N-acetyl-D-galactosaminyl, D-mannopyranosyl or L- 
fucopyranosyl radical, 

W is a phenyl radical or a monosubstituted phenyl radical in which one of the 

substituents 

R is methoxy, methyloxycartsonyl. CN, hydroxyl. nitro, fluorine, chlorine. 

bromine, sulfo or sulfamoyi and the others are hydrogen, 
X . is O, NH, methyleneoxy. methyleneamino or methylene-methylamirio and 

Y , isOorNH.and 

drug is a compound as described above. 

Preferred embodiments of the invention are the following: 

compound in which the glycosyl radical can be cleaved off by enzymatic hydrolysis, in which 
the spacer can be spontaneously cleaved off by chemical hydrolysis, in which the drug is a 
pharmaceutical agent or one of its derivatives obtained by introducing additional hydroxyl, 
amino or imino groups, which is more hydrophilic than the daig. which leads in vivo to fewer 
toxic reactions than the dmg itself, in which the drug is a phannacologically active 
substance, in which the drug is additionally substituted by one or more hydroxyl, amino or 
imino groups and slows down tumor growth, in which the drug is a standard cytostatic, in 
. which the drug is an antimetabolite, in which the drug is 5-fluorouracil. 5-fluorocytidine,' 5- 
fluorouridlne, cytosine arabinoside or methotrexate, in whiph the dmg is a substance which 
inter-calates into DNA. in which the drug is doxombicin, daunomycin, idarubicin. epiaibicin 
or mitoxantrone, In which the drug inhibits topoisomerase I + II, in which the drug is 
camptothecin. etoposide or fW-AMSA. in which the dmg is a tubulin inhibitor, in which the 
dmg is vincristine, vinblastine, vindesine, taxol, nocodazole, colchicine, or etoposide. in 
which the dmg is an alkylating agent, in which the dmg is cyclophosphamide, mitomycin C. . 
rachelmycin, cisplatin, phosphoramide mustard, melphalan, bleomycin, nitrogen mustard or 
N,N-bis(2-chloroethyl)-4-hydroxyani!ine, in which the dmg Is neocarcinostatin, calicheamicin, 
dynemidn or esperamicin A, in which the dmg is a compound which inactivates ribosomes, 
in which the dmg is venucarin A, in which the dmg is a tyrosine phosphokinase inhibitor, in 
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which the drug is quercetin, genistein, erbstatin, tyrphostin or rohitul<in derivative, in w^hich 
the drug is a differentiation inducer, in which the drug is retinoic acid, butyric acid, phorbol 
ester, DIVISO or aclacinomycin. in which the drug Is a hormone, honnone agonist or 
hormone antagonist, in which the dnjg is progesterone, buserelin. tamoxifen, mifepristone 
or onapnstone. in which the dmg is a subslance which alters the pleiotropic resistance to 
cytostetlcs. In which the dmg is a calmodulin inhibitor, in which the drug Is a protein kinase 
C inhibitor, in which the drug Is a P-glycoprotein inhibitor, in which the drug is a modulator of 
mitochondrially bound hexoklnase. In which the drug is an inhibitor of b-glutamyicysteine 
synthetase or of glutathione S-transferase. in which the drug is an inhibitor of superoxide 
fitT^if m^"^ ^'^^ ^" inhibitor of the proliferation-associated protein defined by 
MAb 1^67 In the ceil nucleus of cells undergoing division, in which the drug is a substance 
which has immunosuppressant effects, in which the drug is a standaixJ immunosuppressant 
J!^ .K**^! ^^^9 3 maerolWe. In which the dmg is cydosporine A. rapamycin. FK 506. in 
Which the drug is azathioprine. methotrexate, cyclophosphamide or diorambucil, in which 
the drug is a substance which has an antiinflammatory effect, in which the drug Is a non- 
steroidal antiinflammatoiy substance, in which the dmg is a slow-acting antirtieumatic dmg 
in \Miich the drug Is a steroid, in which the dmg is a substance which has anBinflammatory! 
analgesic or antipyretic effect, in which the dmg is a derivative of an organic add. in which 
the dmg is a non-acidic analgesic/antiinflammatory agent, in which the dma is 
oxyphenbutazone, in which the dmg is a local anesthetic, in which the dmg is an 
fl^rK-'^^,'^"^', Jf'?'** dmg is a Ca++ antagonist, in which the dmg is an 
antihistaminic, Iri which the dmg Is an inhibitor of phosphodiesterase. In vKhich the dmg Is a 
parasympathomimetic in which the dmg is a sympathomimetic or in which the dmg is a 
substance with an inhibitory effect on human uroicinase; and moreover compound in which 



glycosyi radical is an alpha- or beta-O-glycosidicaily United D-glucuronyl, D-glucopyranosyl 
D-galactopyranosyl, N-acetyi-D-glucosaminyl. N-acetyi-D-galactosaminyl D- 
mannopyranosyl or L-fucopyranosyl radical, or which is 4'-0-r4-(alpha-D-' 
giucopyranosyloxy)phenylaminocarbonyOetoposide, 4'-0-(4-(beta-I> 
giucopyranosyloxy)phenylaminocarbony0etoposlde,4'-O-[4-(alpha-D- 
galactopyranosyloxy)phenylaminocarbonyl]etoposide, 4 -0-[4-(beta-D- 
glucuronyioxy)phenylaminocartjonyi]etoposide.4'-0-I4-(beta-D-glucuronyioxy)-3- 
nitrobenzyiaminocart)onyl]etoposlde,4'-0-[4-(beta-D-glucurony|oxy)-3- 
chlorobenzylaminocarbonyl]etoposide, 1-N-[4-(beta-D- 
glucuronyioxy)benzylo;vcart>onyilmitomydn C. 14-0-(4-beta-D-glucuronyIoxy)-3- 

!J!K^wl"^^M?i "w'fo* u'?y''''°'^°^'''*='"' 4-0-[4-(beta-D.glucuronyloxy)ben2ylaminocarbonyl]. 
4-hydroxy-N.N-his(2-chloroethyl)aniiine. 4-0-(4-(beta-D- • ^<u«nyij- 

glucuronyloxy)benzyiaminocart}onyl]terfenadine. 3'-0-[4-(beta-b- 
giucuronyloxy)benzylaminocart>onyl]terbutaiine.3'-0-[4-(beta-D- 
glucuronyloxy)benzylaminocaibonyl]fenoterol, r-0-t4-(beta.D- 
glucuronyio)Qf)ben2ylaminocart)onyl]salbutamoi. 3-0-I4-(beta-D- 
glucuronyloxy)ben2ylaminocarbonylimuscarine. 4'.0-(4-{beta-D- 
glucuronyloxy)benzylaminocarbonyl]oxyphenbutazone,2-0-[4-(beta-D- 
glucuronyloxy)benzylaminocarbonyl]salicylic acid, N.I4-(beta-D- 
glucuronyloxy)ben2yloxycarbonyijdiclofenac, N-I4-(beta-D- 
glucuronyioxy)benzy|oxycarbonyl]flufenamic acid. 4-N-[4-(beta-D- 

glucuronVi03Q^)benzyIoxycart3onyl]-4-methylaminophenazorie.7-N-[4-(beta-D- 
glucuronylo3Q()ben23(l03qrcart}onyl]theophylline. 1-N-t4-(beta-D- 

1-(N-4-tnfluoromethylphenyl)carbamoyl]propen-1-yI carbonate, 3*-N-[4-N-(alpha-D- 
galactosyloxycart3onyl)-4-aminobenzyloxycariaonyl]doxombicln, 9-0-I4-(beta-D- 
glucuronyloxy)-3-chlorobenzyioxyrarbonyOquinine or methyl 18-0-[3.5-dimethoxy-4-r4- 
(beta-D-glucuronyloxy)-3-chlorobenzyloxycari3onyl]benzoyl]reserpate 
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These compounds can be converted Into a suitable pharmaceutical presentation (for 
example liposomes or with human proteins as canlers) and be used as pharmaceuticals. 

The invention also relates to a process for the preparation of a compound of formula I 
which comprises reacting a phenyl glycoside of the fonnula II. prepared as described by 
Andrianomenjanahary et al., Int. Carbohydr. Symposium, p. 299. Abstract A264 Paris 

glycosyl-Y[<:(=Y)-X-]p-W(R)n-X-C(=Y)-Z (II) 
In which 

glycosyl is a poly-, oligo- or monosaccharide whose hydroxyl groups are free or 
protected by acetyl or mono-, di- ortrihaloacetyl protective groups with 
halogen being fluorine or chlorine or benzyl protective groups, 

w ^ a" aromatic or heteroaromatic or aliphatic group with conjugated double 

oonas or an amino-acid derivative radical which cydizes after elimination of 
the glycosyl radical, preferably having 5-20 carbon atoms and 0-4 

heteroatoms. where heteroatom means N. O or S. to which the substituents 
. R can be bonded, where 

R are. Independently or identically. H. me%l, methoxy. carboxyl 

methyloxycarbonyi, CN. hydroxyl, nitrp. fluorine, chlorine, broiriine. sulfo 
sulfamoyi or (Ci^)-alkylsulfamoyl and 

P isOorl 

n is an integer. 

Y \l O o^r wJand °^ methylene(Ci^)-alkylamino 

2 is a reactive leaving group selected from the group comprising chloride 

bromide, azide or N-succinimidoxy. 
mf o™J^^®5'^'"^ as descn-bed above, via a reactive hydroxyl. amino or imino group in 
me presence of an organic base selected from the group comprising triethviamine 
SSK'^I^ '^l"? Z dimethylaminopyridine and. a s?lvert seiS froKf g^Tup 
foTi?i^^i**"'*^^'.**'°''^"®' tetrahydrofuran. dichloiomethane or dichloroethane t?give 
SvK2f ^""^ subsequently eliminating the protective group? by • 

hydrolysis with alkali metal hydroxide solution, alkali metal cariDonate. alkali metal cvanide 
banum oxide, piperidine or morpholine in the presence of meftSot ettiS of JateT 
resulting in a compound of the fonnula I. euwngi qr waier, 

H^tSlia^^^^^} °^ glycosyl-spacer-drug compounds according to the invention 

SSS ^^Z^i^T^^f^^'^ ^^^"^ ^'^'^ ^'""'a' experimental systems ThS 
model selected for the oncological indication was one in which human tumors are 

administered i.v. after establishment of the tumor; 

The results (Examples 26,28 with tables) show that for tumors with a significant proportion 
«i^^v??h«;?K*"r'"H^'!f P'*^'"^^ to the invention are coSraSy S 

dmo HT.^^Srn-*M"'*»K-'* «rapy earned out with the maximum tolerated dose of 

drug. It IS irnmatenal in this connection whether the disintegration of a significant proportion 

S S X: ^"T", °^ ^"-""^ ^ resuItinrdSrt nEK 

of parts of the tumor (central necrosis) or is induced by an exoganously administered 

enzyme cohiugate. fusion protein composed of a binding region and of DNAse 1 for 

Sg^«r*;r'°'^'^''/]C°^*'^ ^**=^> ^ ^teP PrecJSes takes place ?n 

S2 ti ""P^"°^ Pharmacotogical activity of the prodmgS 

according to the invention derives from the following properties: 
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a) The prodrugs are significantly (> 70x) less toxic in vivo than the standard drugs 
contained in the prodrug. 

b) The amount of cytotoxic drug liberated from the prodmg in vivo at the site of 
activation (tumor) Is. under the above experimental conditions. 6-50(> higher than the 
amount of dmg which can be achieved in the tumor by standard i.v. therapy. 

c) the amount of drug liberated from the prodmg non-specifically In normal tissues, or 
the daig concentration in normal tissues caused by potential migration out of dmg 
generated at the tumor is distinctly below the concentrations of dmg In normal tissue 
reached after i.v. administration of standard dmgs. This observation supports the 
data which demonstrate the drastic reduction in the in vivo toxicity of the prodmg by 
comparison with the dmg (a). 

d) Plasma phamiacokinetic investigations and urine analyses show that the prodmgs 
according to the invention are. in healthy animals, excreted very rapidly (t 1/2 = 12 
min) as uncleaved prodmgs mainly via the kidneys. 

These observations led to the conclusion that the prodrugs according to the invention have 
adequate hydrophilicity which results in mainly extracellular distribution in vivo. 

Since the glycosyl portion of the prodmgs according to th0 invention is selected so that it 
can be cleaved off only by enzymes which are released locally under pathophysiological 
conditions, the lipophilic drug can likewise be liberated only at the target tissue and display 
its cytotoxic effect there. 

The superior effect of a prodmg according to the invention with a cytotoxic dmg component 
can be increased by combining it with prodmgs according to the invention with a different 
cytotoxic dmg component. In this case, advantageous prodmg combinations are those in 
which the activity mechanism differs for the cytotoxic components used, coaesponding to 
polychemotherspy. It appears particularly suitable to use dmgss which very efficiently cause 
single-strand and double-strand breaks in the DNA, such as calicheamicin. However 
prodmg combinations according to the invention which are particulariy advantageous are 
those In which one dmg has cytotoxic potential but another, for example, blocks multiple 
dmg resistance. Particularly suitable in this connection are prodmgs according to the 
Invention whose dmg componerit influences multiple dmg resistance by inhibiting tyrosine 
phosphokinase. inducing differentiation, showing a hormonal or hormone-antagonistic 
effect, being a calmodulin inhibitor, being a protein kinase C inhibitor, being a P 
glycoprotein inhibitor, being an ion channel blocker, inhibiting mitochondrial hexokinase, or 
irihibiting gamma-glutamylcysteine synthetase, glutathione S transferase and superoxide 
dismutase.. Other interesting dmgss for influencing tumor growth are compounds which 
functiorlally block the proliferation-induced protein described by Gerdes et al. (Amer. J. 
Pathol. 138, 867-873, 1991). Particulariy as dmg component in the glycosy!-spacer-dmg 
compounds according to the invention it ought to be possible to utilize particularly 
selectively the efficiency of these dmgs after local enzymatic activation. 

Particulariy beneficial therapeutic effects are achieved when, for example, a glucuronyl- 
spacer-quinine prodmg is employed in combination with a glucuronyl-spacer-doxombicin 
prodmg (see Table 2). Analytical investigations have shown that in a combination of this 
type the quinine concentration in the tumor is increased to a similariy large extent by 
comparison with conventional quinine treatment as is the cytostatic dmg concentration by 
comparison with conventional cytostatic therapy. 

The following animal experimental systems were selected for the pharmacological testing of 
prodmgs according to the invention suitable for non-oncological disorders: 

a) Granuloma pouch model in the mouse: 

, Bottomley et al., Brit J, Pharmacol. 93, 627-635 (1988) 

b) Adjuvant arthritis in the rat 
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Schorlemmer el al.. Exptl. Clin. Res. XVII (10/1 1) 471-483 (1991) 

c) DTH model in the mouse 

Dickneite et al., Infect. Immun. 44(1), 168-174 (1984) 

d) Colitis Induced by dextran sulfate In the mouse 
Okayasu et al, Gastroenterology 98, 694-702 (1990) 

e) EAE model 

Schorlemmer et aL, Dmgs Exptl. Clin, Res. XVII (10/11) 461-469 (1991) 

f) MRL-1 model 

Schorlemmer et aL, Int J. Immunother. Vll(4) 169-180 (1991) 

The activity In particular of the prodmg compound 8 or 23 described In detail in Example 8 
and 22 was Investigated in these models. A superior activity of prodrug 22 by comparison 
with the active substance (Leflunomide) itself was found in particular for adjuvant arthritis- 
and for EAE. A superior effect of prodrug 8 by comparison with standard therapy was found 
for DTH. In a similar manner to the preceding investigations in the oncological indication, 
the superior activity was associated with higher concentrations of drugs, especially in the 
synovial fluid (adjuvant arthritis). 

These observations in the non-oncological . models mentioned above suggest that the 
prodmgs according to the invention have general utilizabili^. Suitable drug components are 
all substances whose therapeutic use is associated with unpleasant side effects or whose 
effective concentration is only marginally reached in vivo. These include, besides the 
immunosuppressant active substance from Example 22, other immunosuppressants 
(azathioprine, methotrexate, cyclophosphamide, chlorambucil, 15-Deoxyspergualin, 
cyclosporin A. FK 506 etc.). non-steroidal antiinflammatory drugs (NSAIDs; examples: 
Ibuprofen, indomethacin. aspirin etc.). slow acting antirheumatic daigs (SAARDs: examples: 
sulfasalazine, penicillamine, chloroquine) and steroids (examples: dexamethasone, 
prednisolone, etc.). Furthermore suitable as drug component In the prodrugs accoiding to 
the invention are the substances vwth antiinflammatory/ analgesic and antipyretic effects 
which are mentioned by way of example hereinafter. 

Examples of substances with antiinflammatory, analgesic and -antipyretic effects: 

1 . Derivatives of organic acids: . 

salicylic acid 
p-aminosalicylic acid 
diclofenac 
* flufenamic acid > 
. mefenamlc acid 

2. Non-add analgesic/antiinflammatory agents 

paracetamol 

pyrazolone derivatives (for example 4-aminophenazone; 4- 
methylaminophenazone) 

3. oxyphenbutazone. 

Other drugs which are suitable as component of the prodrugs according to the Invention 
are the Ca++ antagonists (example: nifedipine, indication: inflammatory disorders), the 
antihistamines (example: terfenadine, indication: allergy, asthma, inflammatory disorders), 
inhibitors of phosphodiesterase (example: theophylline, indication: asthma, allergy, 
inflammatory disorders), parasympathomimetics (example: muscarine, indication: 
autoimmune diseases) and sympathomimetics (examples: terbutaline, fenoterol, 
sulbutamol. orciprenaline. isoprenaline. indication: asthma). A class of substances which is 
particulariy suitable as drugs for thtf prodrugs according to the invention is represented by 
the synthetic urokinase inhibitors (such as, for example, p-nitrophenyl guanidinobenzoate, 
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amiloride etc.). which might preferably be used in future in prodrug form for the treatment of 
inflammatory disorders. 

In summary, it should be emphasized here once again that the abovementioned drugs and 
the prodaigs which can be prepared therefrom according to the invention only represent 
examples. The prodrugs according to the invention can be employed for all non-oncological 
disorders in which macrophages, granulocytes and platelets occur, especially in the 
activated state. In the activated state the abovementioned cells mainly secrete intracellular 
enzymes which makes site-specific activation of the prodnjgs according to the invention 
possible. 

In the oncological indication, the activation of the prodrugs according to the Invention is 
brought about by intracellular enzymes released from dying tumor cells. This phenomenon 
occurs especially with larger tumors (> 0.3 cm) but also after damage to the tumor by 
treatment with immunotoxins, cytostatics, in'adiation, fusion proteins, antibody-enzyme 
conjugates etc. Furthermore, it is not possible to mie cut a contribution to prodrug activation 
from activated cells present in the tumor (especially macrophages, granulocytes etc.). 

The following examples illustrate the invention: 

Example 1 

4*-0-(4-(Alpha-D-glucopyranosyIoxy)phenylaminocarbonyl]etoposide (compound 1) 

500 mg (0.68 mmol) of 2",3"-di-0-chloracetyletoposide were dissolved in 50 ml of DMF and, 
at room temperature. 0.34 ml (3 eq) of diisopropylethylamine and 0.12 ml (1.5 eq).of 
diphosgene were added. The reaction mixture was stirred for 2 h and subsequently 0.22 ml 
of diisopropylethylamine and 250 mg (0.9 mmol) of 4-(alpha-D-glucopyranosyloxy)aniline 
dissolved in 50 ml of DMF were added. The reaction mixture was stirred at room 
temperature for 14 h, then ethyl acetate was added, and the mixture was washed three 
times with citrate buffer (pH 5). The organic phase was dried over sodium sulfate and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel (50 
g) with chlorofonm and methanol 6:1. 438' mg of 4'-0-[4-(alpha-D- 
glucopyranosyloxy)phenylaminocarbonyl]-2",3"-di-0-chloroacetyletoposide were obtained. 
Analysis by thin-layer chromatography: Rf = 0.6 In chlorofomi and methanol 3:1. 
The resulting conjugate (400 mg) was dissolved in 80 ml of methanol; and 3.0 g of Dowex 1 
p 8 ion exchanger were added. The reaction mixture was stirred at room temperature for 4 
h, and the resin was filtered off and washed. The filtrate was evaporated in vacuo. The 
residue was purified on silica gel (50 g) with chloroform, methanol and glacial acetic acid 
Si:2:2. 256 mg of title compound were obtained. Analysis by thin-layer chromatography: Rf = 
0.46 in chlorofonm, methanol and glacial acetic acid 5:2:2. 

Exiample 2 

4-0{4-(Beta-D-glucopyranosyloxy)phenyIaminocarbonyl]etoposide (compound 2) 

500 mg (0.68 mmol) of 2",3"-di-0-chloracetyletoposide were dissolved in 50 ml of DMF and. 
at room temperature, 0.34 ml (3 eq) of diisopropylethylamine and 0.12 ml (I S eq) of 
diphosgene were added. The reaction mixture was stirred for 2 h and subsequently 0.22 ml 
of dilsopropylethylarinine and 250 mg (0.9 mmol) of 4-(beta-D-glucopyranosyloxy)aniline 
dissolved In 50 ml of DMF. were added. The reaction mixture was stirred at room 
temperature for 14 h. then ethyl acetate was added, and the mixture was washed three 
times with citrate buffer (pH 5). The organic phase was dried over sodium sulfate and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel (50 
g) with chloroform and methanol 6:1. 450 mg of 4*-0-[4-(beta-D- 
glucopyranosyloxy)phenylaminocartDonyl]-2",3'-di-0-chloroacetyletoposide were obtained. 
Analysis by thin-layer chromatography: Rf = 0.56 in chloroform and methanol 3:1. 
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The resulting conjugate (400 mg) was deblocked in 80 ml of methanol, with 3.0 g of Dowex 
1 X 8 ion exchanger as described In Example 1. 270 mg of title compound were obtained. 
Analysis by thin-layer chromatography: Rf = 0.44 in chlorofomn. methanol and glacial acetic 
acid 6:2:2. 

Example 3 

4'-0-[4-<Alpha-D-galactopyranosyIoxy)phenylaminocarbonyl]etoposide (compound 3) 

500 mg (0.68 mmol) of 2",3"-di-0-chloracetyletoposide were dissolved in 50 ml of DMF and, 
at room temperature, 0.34 ml (3 eq) of diisopropylethylamine and 0.12 ml (1.5 eq) of 
diphosgene were added. The reaction mixture was stin-ed for 2 h and subsequently 0.22 ml 
of diisopropylethylamine and 250 mg (0.9 mmol) of 4-(alpha-D-galactopyranosyloxy)aniline 
dissolved in 50 ml of DMF were added. The reaction mbcture was stin-ed at room 
temperature for 14 h, then ethyl acetate was added, and the mbcture was washed three 
times with citrate buffer (pH 5). The organic phase was dried over sodium sulfate and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel (50 
g) with chlorofonn and methanol 6:1. .460 mg of 4'-0[4-(alpha-D- 
ga!actopyranosyloxy)phehylaminocarbonyl]-2**,3"-di-0-chloroacetyletoposide were obtained. 
Analysis by thin-layer chromatography: Rf = 0.46 in chloroform and methanol 3:1. 
The resulting conjugate (420 mg) was deblocked in 80 ml of methanol, with 3.0 g of Dowex 
1 X 8 ion exchanger as described in Example 1. 250 mg of title compound were obtained. 
Analysis by thin-layer chromatography; Rf = 0.41 in chloroform, methanol and glacial acetic 
add 5:2:2, 

Example 4 

4 -0[4-(Beta-D-glucuronyIoxy)phenylaminocariDonyl]etoposide (compound 4) 

500 mg (0.68 mmol) of 2".3"-di-0-chloracetyletoposide were dissolved in 50 ml of DMF and, 
at room temperature. 0:34 ml (3 eq) of diisopropylethylamine and 0.12 ml (1.5 eq) of 
diphosgene were added. The reaction mixture was stirred for 2 h and then 0.22 ml of 
diisopropylethyliamine and 250 mg (0.86 mmol) of 4-(6-0-methyl-beta-D- 
glucuronyloxy)aniline dissolved in 50 ml of DWIF were added. The reaction mixture was 
stirred at room temperature for 14* h. then ethyl acetate was added, and the mixture was 
washed three times with citrate buffer (pH 5). The organic phase was dried over sodium 
sulfate and evaporated In vacuo. The residue was purified by column chromatography on 
silica' gel (50 g) with chloroform and methanol 6:1. 460 mg- of ..4•-0-[4-(6-0-methyl-beta-D- 
glucuronyloxy)phenylaminpcari^onyl^^^3'^di-(>chloroacetyletbposide. were- obtained. 
Analysis by thin-layer chrbrriatography: Rf = 0.63 In chloroform and methanol 3:1 . 
The resulting conjugate (400 mg) was deblocked in 80 ml of methanol with 2.0 g of barium 
oxide. 280 mg of title compound were obtained. Analysis by thin-layer chromatography: Rf = 
0.24 in chloroform, methanol and glacial acetic acid 5:2:2. 

Example 5 

4-0-[4-(Beta-D-g!ucuronyloxy)-3-nitrobenzylaminocarbonyl]etoposide (compound 5) 

500 mg (0.68 mmol) of 2".3"-di-0-chloracetyIetoposide were dissolved in 50 ml of DMF and. 
at room temperature. 0.34 ml (3 eq) of diisopropylethylamine. and 0.12 ml (1.5 eq) of 
diphosgene were added. The reaction mixture was stirred for 2 h and then 0.22 ml of 
diisopropylethylamine and 250 mg (0.80 mmol) of 4-(6-0-methyl-beta-D-glucuronyIoxy)-3- 
nitrobenzylamine dissolved in 50 ml of DMF were added. The reaction mixture was stin-ed at 
room temperature for 14 h, then ethyl acetiate was added, and the mixture was washed 
three times with citrate buffer (pH 5). The organic phase was dried over sodium sulfate and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel (50 
g) with chloroform and methanol 6:1. 456 mg of 4-0-(4-(6-0-methyI-beta-D-glucuronyloxy)- 
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3-nitroben2ylaminocarbonyl^2",3"-cl^O-chloroacetyletoposide were obtained. Analysis by 
thin-layer chromatography: Rf = 0.64 in chloroform and methanol 3:1. 
The resulting conjugate (400 mg) was deblocked in 80 ml of methanol with 2.0 g of barium 
oxide. 320 mg of title compound were obtained. Analysis by thin-layer chromatography Rf = 
0.27 in chloroform, methanol and glacial acetic add 5:2:2. 

Example 6 

4'-C)-[4-(Beta-D-glucuronyloxy)-3-chlorobenzylaminocarbonyl]etoposide (compound s) 

500 mg (0.68 mmoQ of 2".3"-di-0-chloracetyletoposide were dissolved in 50 ml of DMF and 
at room temperature, 0.34 ml (3 eq) of diisopropylethylamlne and 0.12 ml (1.5 eq) of 
diphosgene were added. The reaction mixture was stinred for 2 h and then 0 22 ml of 
diisopropylethylamlne and 250 mg (0.80 mmolj of 4-(6-0-methyl-beta-D-glucuronyloxy)-3- 
chlorobenzylamine dissolved in 50 ml of DlViF were added. The reaction mlJtture was stirred 
at room temperature for 14 h. then ethyl acetate was added, and the mixtuCe was washed 
three tmes with citrate buffer (pH 5). The organic phase was dried over sodium sulfate and 
evaporated in vacuo. The residue was purified by column chromatography on silica gel (50 
g) with chlorofomi and methanol 6:1. 430 mg of 4*-0-[4-(6-O- methyl-beta-D-giucurony!oxy)- 
3-ch oroberaylamino-carbonyl^2",3"-d•^0-chloroacetyletoposide were obtained. Analysis by 
thin-layer chromatography: Rfs 0.68 in chlorofomi and methanol 3-1 
The resulting conjugate (400 mg) was deblocked in 80 mi of methanol with 2.0 g of barium 
S ^P. ""^ compound were obtained. Analysis by thin-layer chromatography: Rf = 
0.29 in chlorofomrt, methanol and glacial acetic acid 5:2:2. 

Example? 

1-N-t4-(Beta-D-glucuronyloxy)benzyioxycarbonyOmitomycin C (compound 7) 

500 rng (113 mmol) of 4-(6-methyi-2.3.4-tri-0-acetyl-beta-D-g!ucuronyloxy)benzyl alcohol 
were dissolved in 20 ml of toluene, and 440 mg (3 eq) of diisopropylethyiamine and 315 mg 
(1.5 eq) of diphosgene were added. The mixture was stirred at room temperature for 1 h 
S^SfwTif • L^®? "^rll^ ^"^^ of mitomycin C and 290 mg (2 eq) of diisopropylethyiamine 
dissolved in 50 ml of DIWF were added. The reaction mixture was stirred for 14 h. then ethyl 
acetete was added, and the mixture was washed with citrate buffer, the organic phase was 
dned over sodium sulfate and evaporated in vacuo. Crude yield:. 651 mg (72%) The 
a)njugate (600 mg) was dissolved in 30 ml of chloroform and methanol 2:1. and 250 mq of 
barium oxide were added. After stirring for 4 h. the mixture was filtered and the filtrate was 

l?4K»I? f • J*'®. ^tL*"i! P"''"®*^ chromatography on Sephadex with 

methanol and water. Yield of title compound: 335 mg (75%). 

Example 8 . . 

14-0-[4-(Beta-D^lucurony!oxy)- 3-nitrobenzylaminocarbonyl]doxorubicin (compound 8) 

400 mg (0.52 mmol) of 3'-N-fluorenylmethyloxycarbonyldoxorubicin were dissolved In 20 ml 
Of toluene, and 200 mg (3 eq) of diisopropylethyiamine and 144 mg (1.5 eq) of diphosgene 
were added. The reaction mixture was stirred at room temperature for 1 h. and 294 mg (1 8 
eq) Of 4-(6-0-methyl-beta-D-glucuronyloxy)-3-nitroben2ylamine and 134 mg (2 eq) of 
diisopropylethyiamine dissolved in 50 ml of DMF were added. The mixture was stirred for 14 
n. men ethyl acetate was added, and the mixture was washed with citrate buffer (pH 5) The 
organic phase was dried over sodium sulfate and concentrated in vacuo. The crude pr^uct 
was punfied by column chromatography on silica gel. Yield: 370 mg (65%). The protected 
inlemnediate compound (300 mg) was dissolved in 20 ml of THF. and 1.0 ml of piperidine 
was added. The mixture was stirred for 14 h and then evaporated in vacuo and codistiiled 
with toluene. The residue vras dissolved in 20 mi of methanol, and 250 mg of barium oxide 
were added. After stirring for 5 h. the reaction mixture was filtered, and the filtrate was 
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evaporated in vacuo. The residue was purified by column chromatography on Sephadex 
with methanol and water. Yield of title compound: 140 mg (56%). 

Example 9 

4-0-t4-(Beta-D-glucurony!oxy)ben2:ylaminocarbonyl]-4-hydroxy.N,N-bis(2-chIoroethyl)aniline 
(compound 9) 

400 mg (171 mmol) of 4-hydroxy-N,N-bis(2-ch!oroethyl)aniline were dissolved in 20 ml of 
toluene, and 950 mg of dlisopropylethylamine and 600 mg (1.6 eq) of diphosgene were 
added. The reaction mixture was stirred for 1 h and then 960 mg (1.8 eq) of 4-(6-0-methyl- 
beta-D-glucuronyloxy)ben2ylamine and 0.63 ml of dlisopropylethylamine dissolved In 50 ml 
of DMF were added. The reaction mixture W9S stired for 14 h, then ethyl acetate was 
added, and the mixture was washed with citrate buffer. The organic phase was dried over 
sodium sulfate and evaporated in vacuo. The residue (550 mg) was dissolved in methanol, 
and 400 mg of barium oxide were added. The reaction mixture was stin-ed for 4 h, filtered 
and evaporated in vacuo. The residue was purified by column chromatography on 
Sephadex. Yield of title compound: 420 mg. 

Example 10 * 

4-0-[4-(Beta-D-glucuronyloxy)benzylaminocarbonyI]terfenadine (compound 10) 

The title compound was prepared as described in Example 9 starting from terfenadine and 
4-(6-0-methyl-beta-D-glucuronyloxy)benzyIamine. 

Example 11 

3 - 0-[4-(Beta-D-glucuronyloxy)benzylaminocarbonyl]terbutaIine (compound 11) 

The title compound was prepared as described in Example 9 starting from teributaline and 

4- (6-0-methyl-beta-D-glucuronyloxy)ben2ylamine. 

Example 12 ' ' 

3'-0-t4-(Beta-D-glucuronyloxy)ben2ylaminocarbonyI]fenoterol (compound 12) 

The title compound was prepared as described in Example 9 starting from fenoterol and 4- 
(6-Omethyl-beta-D- glucuronyloxy)ben2ylamine. 

Example 13 

1"-0-I4-(Beta-[>-glucuronyloxy)b6n2ylaminocarbonyJ] saibutamol (compound 13) 

the title compound was prepared as described in Example 9 starting from saibutamol and 
4-(6-0-methyl-beta-D- glucuronyloxy)benzylamine. 

Example 14 

3-0-[4-(Beta-Drglucuronyloxy)ben2yiaminocartDonyl]muscarine (compound 14) 

The title compound was prepared as described In Example 9 starting from muscarine and 4- 
(6-O-methyt-beta-D- glucuronyloxy)ben2ylamine. 

Example 15 • • 

4'-p-I4-(Beta-D-glucuronyloxy)benzylaminocarbonyl]oxyphenbutazone (compound 1 5) 

The title compound was prepared as described . in Example 9 starting from 
oxyphenbutazone and 4-(6-0-methyl-beta-D-glucuroriyloxy)benzylamine. 
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Exampte 16 

2-0-[4-(Beta-D-glucuronyloxy)benzylaminocarbonyl] salicylic acid (compound 16) 

The title compound was prepared as described in Example 9 starting from methyl salicylate 
and 4-(6-0-m6thyi-b©ta-D-g!ucuronyioxy)benzylamine. 

Example 17 

N-[4-(Beta-D-glucuronyloxy)benzyloxycarbonyl]diclofenac (compound 17) 

The title compound was prepared as described in Example 7 starting from 4-(6-methyl- 
2,3.4-tri-0-acetyl-beta-D-glucuronyloxy)ben2yl alcohol and diclofenac. 

Example 16 

N-[4-(Beta-D-glucuronyl6xy)benzyloxycarbonyl]fIufenamicacid (compound 18) 

The title compound was prepared as described in Example 7 starting from 4-(6-methyl- 
2,3.4-tri-0-acetyl-beta-l>glucuronyloxy)benzyl alcohol and flufenamic acid. 

Example 19 

4-N-[4-(Beta-D-glucuronyloxy)benzyloxycarbonyl]-4-methylaminophenazone (compound 1 9) 

The title cortipbund was prepared as described in Example 7 starting from 4-(6-methyI- 
2.3,4-tri-0-acetyI-beta-D-glucuronyloxy)benzyl alcohol and 4-miBthylamlnophenazone. 

Example 20 

7-N-[4-(Beta-D-glucuronyIoxy)ben2yl6xycarbonyl]theophylline (compound 20) 

The title conripound was prepared as described in Example 7 startirig from 4-(6-methyl- 
2,3.4-tri-0-acetyl-beta-D-giucuronyloxy)benzyl alcohol and theophylline. 

Exannple21 

1- N-i4-(Beta-E>glucuronyloxy)benzyloxycarbonyllnifedipine (compound 21)' 

The title compound was prepared as described in Example 7 starting from 4-(6-methyl- 
2,3,4-tri-6-acety!-beta-D-glucuronyloxy)ben2yl alcohol and nifedipine. . 

Example 22 

4r(G-D-Glucuronyioxy)-3-nitrobenzyl 2-[1-cyano-1-(N-4- 
trifluoromethylphenyl)carbamoy0propen-1-yl caribonate (compound 22) 

The chloroformic ester (4-[(2,3,4-tri-0-acetyKl-D- gIucopyranosyl)methyluro^ate^3- 
nitrobenzyloxycarbonyl chloride) can be prepared by known methods, for example from 
methyl (4-hydroxymethyl-2-nitrophenyl-2,3.4-tri-0-acetyl-li-D-glucopyranoside)urohate and 
phosgene. Methyl (4-hydroxymethyl-2-nltrophenyl-2.3.4-tri-0-acetyKl-D- 
glucopyranoside)uronate can be obtained from methyl (2,3,4-tri-O-acetyl-a-D- 
gIucopyranosyl)uronate bromide by reaction with 2-hydroxy-5-nitrobenzaldehyde and 
subsequent reduction. 

2- Cyano-3-hydroxy-N-{trifluoromethylRhenyl)crotonamide is the active metabolite of 
leflunomide. the hydroxycrptonamide derivative 2 (WO 91/17748). It is obtained according 
to Example 4B described therein by alkaline ring-opening of leflunomide. 5.5 g (0.091 mol) 
of 4-[(2.3Atri-O-acetyl-(l-C)-glucopyranosy0melhyluronate>3-nilrobenzyloxycarbonyl 
chloride and 2:7 g (0.01 moO of 2-cyano-3-hydroxy-N(trifluoromethylphenyl)crotonamide are 
dissolved in 80 ml of acetonitrile. Addition of 1.7 g (0,01 mol) of AgN03 is followed by 
heating at 60"C for 3 hours while stirring. The filtrate obtained after cooling and filtering is 
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evaporated to dryness under reduced pressure. The crude product was dissolved in 200 ml 
of chlorofomt/ methanol 2:1 (v:v), and 1.5 g of barium oxide were added. The mixture was 
stirred for 5 h, and the filtrate obtained after filtration was evaporated to dryness. 
Purification by tolumn chromatography thus resulted in compound 22. 

Example 23 

N-[4-(Alpha-D-galactopyranosyloxycarbonylamino)benzyioxycarbonyi]doxorubicin 
(compound 23) o oh o 



OCH3 O OH o 




2, 3,4.6-Tetra-O-acety l-D-galactopy ranoside (2) 

Hydrazine acetate (3.5 g, 38 mmol) was added to a solution of penta-O-acetyt-D-galactose 
(10 g. 25.6 mmoO in DMF. The mixture was heated at 80"C for 15 minutes. The cooled 
solution was diluted with water (100 ml) and extracted with ethyl acetate. The organic phase 
was washed with brine, dried (iyyigS04) and evaporated. Flash chromatography of the 
residue (cyclohexane:ethyl acetate, 3:2. v/v) resulted in 4.95 g (55%) of compound 2 as 
solid. 

Compound 2: Ci4H2oOio. melting point: 104^*0 

[aj20^+ 95** (CI/CHCI3) 

N-[2.3.4,6-Tetra-Oacetyl-a-E>galactopyranosyloxy]-p-toluidine (3) 

p-Tolyl isocyanate (4.4 g. 33 mmol) was added to a solution of compound 2 (3.48 g, 10 
mmol) in DMF (50 ml). The reaction mixture was stirred at 40*C for 15 hours and then 
diluted with H2O (120 ml) and extracted with ethyl acetate. The organic phase was washed 
first with H2O (2 X 50 ml) and then with brine, and was dried (iVigS04) and then evaporated 
under reduced pressure. Flash chromatography (cyclohexane:ethyl acetate, 2:1, v/v) 
resulted in compound 3 (2.2 g. 45%). 
Compound 3: C22H27O1 -j melting point: 93*C 

(al20^+84*(C1,CHCl3) 

N-(2,3,4.6-Tetra-0-acetyl-a-D-galactopyranosyloxycarbonyl)-4-fomiylaniline (6) and N- 
(2,3,4,Wetra-(>acetyl-a-D-galactopyranosyloxycarbonyl>4-hydroxymethylaniline (7) 

N-Bromosuccinimide (420 mg, 1.1 eq) and 120 mg of benzoyl peroxide were added to a 
solution of compound 3 (1 g) in CCI4 (60 ml). The mixture was stin-ed under reflux for 4 
hours and then cooled and filtered, and the filtrate was washed with H2O and then with 
brine and dried.(i\^gS04). Evaporation under reduced pressure resulted in a residue of 1 g 
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which was purified by flash chromatography and yielded 800 mg of a mixture of monobromo 
and dibromo compounds. This mixture was directly used further. 800 mg of the mixture 
were dissolved in acetone (14 ml), and an aqueous solution of silver nitrate (0.1 N. 14 ml) 
was added. The reaction mixture was stin-ed at room temperature for 3 hours. The filtrate 
after filtration through Celite was evaporated under reduced pressure, and the remaining 
aqueous phase was extracted with CH2CI2 (dichloromethane). The organic phase was 
washed with H2O and brine, dried (MgS04) and evaporated under reduced pressure. The 
resulting residue was purified by flash chromatography (cycIohexane:acetone, 2:1. v/v) and 
yielded 120 mg of compound 6 and 260 mg of compound 7. 
Compounds: C22H25O12N. melting point: 81*0 

[a]20^+109'*(C1,CHCl3) 

Compound 7; C22H27O12H, melting point: 85*C 

[a]20+129-(C1,CHCl3) 

N-(2,3,4,6-Tetra"0-acetyl-a-D-galactopyranosyloxycarbonyl)-4- 
nitrophenyloxycarbonyloxymethylaniline (8) ' 

p-Nitrophenyl chlorofomnate (360 mg) and pyridine (0.18 ml) were added to a solution of 
compound s (300 mg) in CH2CI2 (30 ml). The reaction mixture was stin-ed at room 
teimperature for 3 hours and then diluted with H2O (50 ml) and extracted. The combined 
organic phases were washed with H2O and brine and dried (MgS04). The residue obtained 
after evaporation under reduced pressure was purified by flash chromatography 
(cyclohexane/acetone, 2:1, v/v) and yielded 380 mg (51%) of compound 8. 
Compound 8: C29H30O16N2. melting point 92*0 

Ia]^tj + 8r (01. CHCls) 

N-[4-(2,3.4.6-Tetra-Oacetyl-a-D- 

galactopyranosyloxycarbonylamino)benzy!oxycarbonyl]doxorubicln (9) 

100 rrig of doxorubicin and 80 ^Jl of triethyiamine were added to a solution of compound 8 
(100 mg) in DMF, The reaction mixture was stirred at room temperature for 6 h. The residue 
obtained after evaporation under reduced pressure (1 mm. A = 50'C) was purified by flash 
chromatography and yielded 80 mg (50%) of compound 9. 
Compound 9: C50O24H54N2. melting point 142*0 

[a]20+196*(C1.CHCl3) 

Compound 23 

20 mg of sodium methanolate were added to a solution of compound 9 (100 mg) in MeOH 
(methanol) (30 ml). The reaction mixture was stirred for 3 hours and neutralized with 
Amberlite IRC-60 (H"*"). The filtrate after filtration was concentrated under reduced pressure 
and yielded a solid residue. Flash chromatography on silica (acetonitrile: water, 9:1, v/v) of 
this residue yielded 67 mg (80%) of compound 23. 
Compound 23: C42H45O2ON2. melting point: 136*0 

[a^20 + 225*(C0.1. EtOH) 

NMR (270 MHz. D20): 5 1.3 (d. J = 6.3H, iVie-6); 1.9 and 2.2 (AB, 2H, CH2-8. J = 9); 2.8 
and 2.9 (AB. 2H, CH2-2. J = 20); 3.8 (S, 3H. OOH3); 5.3 (m. 1H. H-t); 6.0 (d. 1H. J = 3.5); 
7.1 (d, 1H, J = 8. H-3); 7,3 (d. J = 8. 1H. H.2); 7.5 (d. 1H. J = 8, H-1); 7.8 (m. H-arom). 

Example 24 

9-0-(4-(Beta-D-glucuronyloxy)-3-chlorobenzyloxycarbonyI]quinine (compound 24) 
4-(i-D-methyIglucuronyIoxy-3-chloroben2aldehyde (1) 
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A solution of 4-{2,3,4-tri-0-acetyI-li-D-melhylgIucuronyloxy)-3-chlorobenzaldehyde (3.05 g, 
6.45 mmol) in 0.1 N methanolic sodium methaholate (50 ml) was stirred at O'^C for 30 min. 
The reaction mixture was neutralized by addition of Amberlite IRC 120 H*^ ion exchange 
resin, filtered and evaporated under reduced pressure to yield 4-fi-D-methylglucuronyloxy-3- 
chlorobenzaldehyde (1) as a foam (2.17 g, 97%). 
C14H15CIO8, 1^ = 346,5 

IR (KBr) V cm-^: 3400. 3030, 2975, 1375, 1040, 835. 

''H mR (300 MHz, (CD3)2SO): 3.25-4,25 (4H, m), 3.70 (3H. s), 5.05 (1H, d, J = 7 Hz), 7.28 
(1H. d, J = 8 Hz). 7.76 (1H, dd, J = 8 Hz, J' = 2 Hz), 7.90 (1H. d. J = 2 Hz), 9.85 (1H, s). 
MS (DCI/NH3): m/z: 364/366 (M+NH4)+. 

4-(2,3,4-Tri-0-(4-methoxybenzyl)-R-D-methylglucuronyloxy)-3-chlorobenzaldehyde (2) 

A solution of 4-B-D-methylglucuronyloxy-3-chlorobenzaldehyde (2.10 g, 6,06 mmol) in dry 
dimethylfonmamide (20 ml) was added slowly to a suspension of sodium hydride (2 g) in 20 
ml of anhydrous dimethylformamide. 4-Methoxybenzyl chloride (3.2 ml. 23.5 mmol) was 
added dropwise over 30 min with cooling to keep the reaction mixture at approximately 
20*C. The solution yvas then stirred for 18 h and worked up by addition of methanol (5 ml). 
After 1 h, the solution was poured into ice and brought to pH 8 with 1 M hydrochloric acid. 
The aqueous phase was extracted with ethyl acetate (2 x 50 ml). After washing with water 
(2 X 50 ml), the organic phase was evaporated to dryness. Purification of the residue by 
column chromatography on silica gel 60 H [hexane:ethyl acetate (8:2 v/v)] gave 4-(2.3,4-tri- 
0-(4-methoxyben2yl)-a-D"methylglucuronyloxy)-3-chlorobenzaIdehyde (2) as a colorless 
foam (1.97 g, 46%). 
C38H39CIOi-|,M = 706.5 

IR (KBr) V cm-'*: 3040, 2945. 1725, 1505. 1375. 1230, 1040, 825. 

''H NMR (300 MHz, (CDCI3): 3.30-4.50 (4H, m), 3.73 (3H, s). 3.85 (3H. s). 3.88 (3H. s), 3,92 
(3H. s). 4,50-4.90 (6H. m). 5.12 (1H, d. J = 7 Hz), 6.90-7.80 (iSH, m). 10.02 (1H. s). 
MS (DCI/NH3): m/z: 722/724 (M+NH4)+. 

2-Chl6ro-4-hydroxymethylphenyl 2,3.4-tri-0-(4-methoxybenzyl)-li-D-methylglucuronide (3) 

A solution of the aldehyde 2 (1.57 g, 2.22 mmol) in methanol (30 ml) was treated with 
sodium borohydride (0.7 g) and the reaction mixture was stirred at O'C for 90 min. The 
water-quenched reaction was then extracted with dichloromethane (3 x 20 ml). Purification 
by column chromatography on silica gel 60 H [hexane:ethyl acetate (7:3 v/v)] afforded 2- 
chloro-4-hydr6xymethylphenyl 2,3.4-tri-0-(4-methoxybenzyl)-R-l>methylglucuronide (3) as 
an amorphous solid (1.28 g, 81%). 
C38H4-|C10ii; M =: 708.5 

IR (KBr) V cm-1: 3420, 3030. 2935. 1725. 1510, 1510, 1375, 1230. 1040, 825. 

''H NMR (300 MHz, CDCI3): 3.25-4.50 (4H, m), 3.69 (3H, s), 3.85 (3H, s), 3.87 (3H. s), 3.91 

(3H, s). 4.50-4.80 (8H, m), 5.08 (1 H, d, J = 7 Hz). 6.85-7,90 (15H, m). 

MS (DCI/NH3): m/z: 724/726 (iVi+NH4)+. 

4-[2.3.4-Trl-0-(4-methoxybenzyl)-B-D-methylglucuronyloxy]-3-ch!orobenzyl- 4-nitrophenyl 
carbonate (4) 

The alcohol 3 (0.25 g, 0.35 mmol) was dissolved in ethyl acetate (1.5 ml) and pyridine (a.15 
ml). 4-Nitrophenyl chloroformate (0.30 g, 1.48 mmol) was added and the resulting mixture 
was stirred overnight. The solvents were removed under reduced pressure. Purification of 
the residue by column chromatography on silica gel 60 H [hexane:ethyl acetate (7:3 v/v)] 
afforded 4-[2,3,4-tri-0-(4-methoxybenzyl)-(i-D-methylglucuronyloxy]-3-chlorobenzyl 4- 
hitrophenyl carbonate (4) (0. 1 6 g, 52%). 
C45H44CINO15, M = 873.5 

IR (KBr) V cm-"^: 3055, 2930, 1735, 1515, 1370, 1320, 1230, 1040. 830, 



o 
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1h NMR (300 MHz. (CDCI3): 3.25-4.50 (4H. m). 3.71 (3H, s), 3.82 (3H, s), 3.87 (3H, s). 3.91 
(3H, s). 4.45-4.85 (6H, m), 5.05 (1H. d. J = 7 Hz). 5.15 (2H. s), 6.80-8.40 (19H. m). 
MS (DCI/NH3): 891/893 (M+NH4)+. ^ 




OCHj 

To a stirred solution of 4 (0.15 g, 0.17 mmol) in dichlorometliane (20 ml) and triethylamin© 
(188 \x\) was added quinine (50 mg, 0.15 mmol). The mixture was kept at room temperature 
for 18 h. The solvents were evaporated off under reduced pressure. Purification of the 
residue by column chromatography on silica gel 60 H [dichloromethanermethanol (95:5 v/v)] 
gave 5 as a colorless foam (0.057 g. 36%). 
C5gH63CIN20i4, M = 1058.5 

IR (KBr) V cm-"*: 3050, 2940. 1740, 1520, 1370, 1320, 1230, 1010. 835. 810. 

NMR (300 MHz. CDCI3): 1.80-4.40 (15H, m). 3,72 (3H. s). 3.85 (3H. s). 3.93 (6H. s.). 
3.95 (3H, s). 4.45-4.85 (6H, m), 5.10 (1H. d, J = 7 Hz). 6.15 (2H, s). 5.30 (2H, m), 5.72 (1H. 
m), 6.3D (1H. d. J = 7 Hz), 6.80-8.40 (19H. m), 8.75 (1H. d, J = 5 Hz). 
MS (DCI/NH3): 1076/1078 (M+NH4)+. 

6 ; 




To a stirred solution of 5 (0.050 g, 0.05 mmol) in dichloromethane (10 ml) containing water 
(0.5 ml) was added 2.3-dichloro-5.6-dicyano-1.4-benzoquinone (0.017 g. 0.075 mmol) at 
5'C. After 1 h, saturated aqueous NaHCOa (10 ml) was added and the mixture was rapidly 
extracted with dichloromethane (3 x 15 ml). The organic phase was washed with water, 
dried over Na2S04 and evaporated under reduced pressure. The residue was 
chromatographed on a silica gel 60 H column [dichloromethane: methanol' (80:20 v/v)] to 
give 6 as an amorphous solid (0.023 g. 66%). 
C35H39CIN2O1 i , M = 698.5 

IR (KBr) v cm'\ 3420, 3040, 2940, 1735, 1530, 1375, 1320, 1235, 1020, 830. 
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NMR (300 MHz, (003)280): 1.80-4.30 (15H. m). 3.70 (3H, s), 3.94 (3H, s). 5.12 (1H, d. 
J = 7 Hz), 5.17 (2H. s), 5,30 (2H. m). 5.71 (1H. m), 6.34 (1H. d. J = 7 Hz), 7.10-8.00 (6H. m). 
8.77(1H,d,J = 6Hz). 

MS (FAB, matrix: nitrobenzyl alcohol): 699/701 (M+H)+. 
Compound 24 




To a solution of 6 (0.020 g. 0.03 mmol) in aqueous phosphate buffer (pH = 8) (24 ml) was 
added pig liver esterase solution (Sigma # E-3128) (0.6 ml) and acetone (12 ml). The 
mixture was kept for .4 h at 37*C and evaporated under reduced pressure. Purification of 
the residue by. column chromatography on silica gel 60 H [acetonitrile:water (95:5 vN)] 
afforded compound 24 as a colorless solid (0.011 g. 56%). 
C34H37CIN2O1 1 , M = 684.5 

IR (KBr) V cmi-1: 3450, 3060. 2950, 1730, 1520. 1370. 1320, 1240, 1020, 820, 
^H NMR (300 MHz, (CD3)2SO): 1.80-4.30 (15H. m). 3.94 (3H. s). 5,10 (1H, d, J = 7 Hz). 
5,22 (2H. s). 5,32 (2H. m). 5.70 (1H. m), 6.32 (1H. d, J = 7 Hz), 7,10-8.00 (6H. m). 8.79 (1H. 
d, J = 5Hz). 

MS (FAB. matrix: nitrobenzyl alcohoO: 685/687 (M+H)+, 
Example 25 

Methyl 18-0-[3,5-dimethoxy-4-[4-(beta-l>glucuronyloxy)-3- 
chioroben2yloxycarbonyl]benzoyl]reserpate (compound 25) 
4-a-D-Glucuronyloxy-3-chloroben2aldehyde (8) 

Tp a solution of 4-R-D-methylglucuronyloxy-3-chIoroben2aldehyde (1) (3.52 g, 10.1 mmol) in 
tetrahydrofuran (60 ml) and water (40 ml) was added dropwise 2 M aqueous sodium 
hydroxide (10 ml) over 30 iitin. The mixture was stirred for 2 hrs, neutralized by addition of 
Amberiite IRC 50S H* ion exchange resin, filtered and evaporated to dryness to give 4-R-E>- 
glucuronyloxy-3-chlorobenzaldehyde (8) as a colorless foam (2.62 g. 78%). 
CisHisCIOq. M = 332.5 

IR (KBr) V cm-1: 3400, 3050, 2940, 1735. 1330, 1040, 830. 

^H NMR (300 MHz, (003)280): 3.25^.25 (4H. m), 5.05 (1H. d. J = 7 Hz). 7.31 (1H. d, J = 8 
Hz). 7.77 (1H. dd. J ^ 8 Hz. J' = 2 Hz). 7.92 (1H. d. J = 2 Hz). 9.82 (1H, s). 11.85 (1H. br, s). 
MS (DCI/NH3); ^ 350/352 (M+NH4)+. 

4-(2.3.4-Tri-0-benzyl)-a-D-ben2ylglucuronyIoxy-3^chIorobenzaldehyde (9) 

A solution of 4-(2,3,4-tri-0-ben2yl)-a-0- benzyIglucurony!oxy-3-chlorobenzaldehyde (9) 
(2.55 g. 7.67 mmol) in dry dimethylformamide.(20 ml) was added slowly to a suspension of 
sodium hydride (2 g) in 20 ml of anhydrous dimethylformamide. Benzyl bromide (5.0 ml. 42 
mmol) was added dropwise over 30 min with cooling to keep the reaction mixture at 
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approximately 20'C. The solution was then stirred for 18 h and worked up by addition of 
methanol (5 ml). After 1 h, the solution was poured into water and brought to pH 8 with 1 M 
hydro-chloric acid. The aqueous phase was extracted with ethyl acetate (2 x 50 ml). After 
washing with water (2 x 50 ml), the organic phase was evaporated to dryness. Purification 
of the residue by column chromatography on silica gel 60 H (hexanerethyl acetate (85:15 
v/v)] gave 4-(2.3,4-trl-0-benzyl)-(i-D-benzylglucuronyloxy-S-chlorobenzaldehyde (9) as a 
colorless foam (2.04 g, 38%). 
C4lH37CI08.M = 692.5 

IR (KBr) V cm-1: 3050, 2930. 1730, 1520, 1370. 1330, 1230, 1040. 825. 

""H mR (300 MHz. (CDCI3): 3.40-4.50 (4H, m), 4.50-5,00 (8H, m). 5.08 (1H. d, J = 7 Hz). 

6.90-7.70 (23H. m). 9.93 (1H, s), 

MS (DCI/NH3); m/z; 710/712 (M+NH4)+. 

2-Chloro-4-hydroxymethyIphenyl 2.3.4-tr»-0-benzyl-(i-E>-benzylglucuronide (10) 

A solution of the aldehyde 9 (2.00 g, 2.88 mmol) in methanol (30 ml) was treated with 
sodium borohydride (0,7 g) and the reaction mixture was stirred at 0*C for 90 min. The 
water-quenched reaction was then extracted with dichloromethane (3 x 20 ml). Purification 
by column chromatography on silica gel 60 H [hexane:ethyl acetate (7:3 v/v)] afforded 2- 
chloro-4-hydroxymethylphenyl 2.3,4-lri-O-benzyl-B-ED-benzylglucuronide (1 0) as an 
amorphous solid (1.91 g, 96%), 
C4lH39CI08.M = 694.5 

IR (KBr) V cm-1: 3400. 3040. 2940, 1725, 1515/1370, 1330, 1230, 1040. 825. 

^H NMR (300 MHz. CDCI3): 3.40-4.50 (4H, m), 4.50-5.00 (10H, m), 5.12 (1H. d. J = 7 Hz), 

6.90-7.75 (23H.m). 

MS (DCI/NH3); m/z: 712/714 (M+NH4)+, 

4-[(2.3,4-Tri-0-benzyl)-a-E>benzylgIucuronyloxyl-3-chb 4-nitrophenyl carbonate 

The alcohol 10 (0.40 g. 0.57 mmol) was dissolved in ethyl acetate (2 ml) and pyridine (0.2 
ml); 4-Nitrophenyl chlorofomiate (0.40 g. 1.97 mmol) was added and the resulting mixture 
was stin^d overnight The solvents were removed under reduced pressure. Purification of 
the residue by column chromatography on silica gel 60 H lhexane:ethyl acetate (7:3 v/v)] 
afforded. 4-[(2.3,4-tri-0-benzyl)-G-D-benzylglucuronyIoxy]-3-chlorobenzyl 4-nitrophenyl 
carbonate (1 1) (0.23 g, 47%). 
C48H42CINO-J2, M = 845.5 

IR (KBr) v cm-^ 3050, 2940, 1735, 1510. 1360, 1320. 1230. 1050. 835. 810. 

1H NMR (300 MHz, (CDCI3): 3.40-4.50 (4H. m). 4.55-5.00 (8H. m). 5.12 (1H. d. J = 7 Hz). 

5.21 (2H, s). 6.80-8.40 (27H. m), ' 

MS (DCI/NH3); m/z: 863/865 (M+NH4)+. 



12 



2109259 

-20- 




To a stirred solution of 11 (0.20 g, 0.235 mmol) in dichloromethane (20 ml) and 
triethyiamine (2iB0 jil) was added methyl 18-0-(3.6-dim9thoxy-4-hydroxybenzoyl)reserpate 
[Lucas et al.. J. Am. Chem. Soc. 1959, 81. 1928-1932] (130 mg. 0.22 mmol). The mixture 
Was kept at room temperature for 22 h. The solvents were evaporated under reduced 
pressure. Purification of the residue by column chromatography on silicia gel 60 H 
[dichloromethane-methanol (90:10 v/v)J gave 12 as a colorless foam (0.127 g. 44%). 
C74H75CIN20i8» Wi = 1314.5 

IR (KBr) vcm-1: 3050, 2940. 1750, 1720, 1515, 1360, 1320, 1280. 1230. 1050. 835. 

1H NMR (300 MHz, (CDCI3): 1.80-4.50 (19H. m), 3.46 (3H, s). 3.80 (3H, s), 3.82 (3H. s). 

3.97 (6H, s). 4.60-5.00 (8H. m), 5.05 (1H. dd, J = 12.9, 6 Hz). 5.14 (1H, d. J = 7 Hz). 5.22 

(2H, s), 6.70-7.90 {28H. m). 

MS (FAB, matrix: thipgiycerol): 1315/1317 (1VI+H)+ 

Compound 25 
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To ia solution of 12 (0.100 g, 90.07 mmol) was added palladium (10%) on charcoal (0.2 g), 
and the resulting mixture was kept under hydrogen (1 atm) for 3 h. The catalyst was 
removed by filtration through Celite. The filtrate was evaporated under reduced pressure. 
Purificatipn of the residue by column chromatography on silica gel 60 H [acetonitriIe:water 
(92:8 v/v)] yielded compound 25 as a colorless foam (0.034 g, 51%). 
C46H5iCIN20i8. M = 954.5 

IR (KBr) V cm-^: 3450, 3050/ 2940. 1740. 1725. 1520, 1500. 1360. 1280, 1230. 1050. 825. 

NMR (300 MHz. (CD3)2SO)): 1.80^.50 (19H, m), 3.44 (3H, s), 3J9 (3H. s). 3.81 (3H. s). 
3.99 {6H, s), 5.04 (1H. dd.. J = 12.9, 5 Hz). 5.12 (1H, d. J = 7 Hz). 5.21 (2H, s). 6.70-7.80 
(8H.m). 

WIS.(FAB, matrix: thioglycerol): 955/957 (M+H)+, 

the pharmacological activity of. the glycosyl-spacer-drug compounds (called prodrug 
hereinafter) synthesized in Examples 1-25 was tested by way of example in vivo in relevant 
animal experimental systems. The model selected for.the oncological Indication was one in 
which human tumors are transplanted subcutaneously to nude mice and the prodrugs 
according to the Invention are administered i.v. after establishment of the tumor, 

Exaimple26: 

Determination of the acute, toxicity: 

. To determine the acute toxicity, nude mice (CD-1. nu/nu) were infused on day 0 with 
various doses of the test substance dissolved in 0.5 ml of 5% glucose solution over a period 
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of 5 minutes. Control groups receive merely 0.5 ml of 5% glucose solution. 5 mice are used 
per concentration of the test substance. The number of mice surviving on day 14 is 
detemnined, and the Litchfield Wilcoxon method is used to determine the LD50. The toxicity 
of the investigated prodmg by comparison with the dmgs (doxombicln) is summarized in 
Table 1. 

Table 1 : Acute toxicity in nude mice 



Substance LD50(mg/kg) 
14-0[Beta-D-glucuronyl)-3-nitro-benzylaminocarbonyl]doxorubicln >1500 
Doxorubicin 20 



Example 27 

Inhibition of the growth of human tumors growing subcutaneously in the nude mouse: 

The test for the growth-inhibiting activity of the test substances was based on the method 
described by Fiebig et al (Proc. Europ. Soc. Med. Oncol, in Cancer Chemother. Pharmacol.. 
Suppl. 9, 18. 1982; Verb, dtsch. Ges. Inn. Med 88, 966. 1982) and Inoue et al. (Cancer 
Chemother. -Pharmacol. 10. 182-186, 1983). The tested human tumors are routinely 
maintained and passaged in nude mice. The tumors are tested for human characteristics by 
immunoblstochemistry using monoclonal antibodies at each 3rd passage. The tumor is 
removed under sterile conditions and cut into small pieces of about 5-10 mm^. One piece of 
tumor Is implanted subcutaneously into the side of each nude mouse. After about 7-14 
days, the piece of tumor is adherent to the surrounding tissue, and Ihe tumor size A is 
determined with the aid of a calliper rule and measurement of two opposite diameters (a. b) 
by the following formula: 

A = axb 

After another measurement of the tumor size earned out at an interval of 3 days, the 
animals are randomized to the control group and to the groups to be treated (6 animals in 
each group). Only animals in which a progressive tumor growth was found are used for this. 
Starting with the day of randomization (day -7), the animals' are treated with the test 
substances in accordance with the scheme indicated below. Twice a week the two tumor 
diameters are measured for each mouse, and the individual tumor areas are calculated in 
accordance with the abovementiohed formula. 

After completion of the experiment, the relative tumor sizes for each individual animal on 
the particular measurement day are calculated by the fonnula: A^ = Amqw xV^idav OV The 
median for the treated group (AT) is then related to the median for the relative control tumor 
size (Ac), and T/C% = Aj/Aq x 100 is calculated. The statistical significance of the 
antitumor effect Is determined with the aid of the Wilcoxon U test. 



Result: 
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Table 2; Efficacy for human colon tumors (LoVo) growing subcutaneously In the nude mouse 



Substance 


Dose 


Treatment 


T/C 


Significance 




(mg/kg) 


scheme 


{%) 


(p <0.05) 


Pirodrug* 


500 


1 X I.V., do 


40.0 


- + 


Fusion protein 


30 


1 x.i.v., d-7 


42.0 


+ 


+ prodrug* 


500 


1 X I.V., do 






Doxorubicin 


. 12 


1 X i.v., do 


78.4 





*: 14-0-[4-(Beta-D-glucuronyloxy)-3-nitrobenzylaminocarbonyl]doxorubicin 

The animal experimental data presented in Table 2 show that the tumor growth is less fast 
(T/C - 40%) In the animals treated with fusion protein and prodrug or with prodrug alone 
than the tumor growth (T/C - 80%) observed with doxombicin treatment The differences 
between doxorubicin treatment and prodrug therapy, and doxorubicin treatment and fusion 
protein + prodrug therapy, are statistically significant (p <0.05). 

Surprisingly, the therapy in the prodrug group was as effective as In the group which 
riscelved fusion protein In combination with prodrug. It was possible to explain this 
unexpected observation by the following tissue analyses: histological investigations on 
cryopresen/ed LoVo tumors which were taken from tumor-bearing nude mice at the time of 
the prodrug or doxorubipin therapy (Table 2. dO) showed that the tumors had developed an 
extensive central necrosis. It was possible to show by means of a histochemical test 
(Murray et ah... the journal of histochemistry and cytochemistry 37, 643-652, 1989) for 
determining functional human ^-glucuronidase that functionally active human |d- 
glucuronidase is present within the necrosis; I.e. cells whose cytoplasmic membrane has 
already been damaged still contain functionally active B-glucuronidase In the cytoplasm. 
This human S-glucuronidase which is localized in the necrosis and is not protected by the 
cytoplasmic membrane brings about the cleavage of the hydrophilic prodmg to the daig in 
the LoVo tumor. This unexpected finding of endogenous activation of the prodrug by the 
central necrosis was confirmed in a large number of human tumor xenografts (ovarian, 
breast, stomach, lung and bowel carcinomas). Histological and histochemical investigations 
on biopsy material from human carcinomas demonstrate that the central necrosis is not an 
artefact occurring only in human tumors which have undergone xenotransplantation to nude 
mice but, on the contrary, is a widespread pathophysiological phenomenon which leads to 
the expectation that prodrug monotherapy In humans has a wide range of possible uses. 
However, tumors which do not develop a significant proportion of necrosis cannot be 
treated by prodrug monotherapy (data not shovwi). In the case of tumors of this type it is 
absolutely riecessary; in order to be able to utilize the superior effect of the prodrug therapy, 
to use a fusion protein which has previously undergone extracellular localization in the 
tumor (example: disseminated metastases, small non-necrotic primary tumors etc.). 
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Pharmacokinetics of prodrug and doxombicin in tumor-bearing nude mice 

To evaluate the concentrations of prodrug and doxorubicin In tissue and tumor, the prodmg 
(500 mg/lcg) and doxombicin (10 mgfkg) was Infused over a period of 5 min into nude mice 
which had undergone subcutaneous implantation of a human colon tumor (Mz-Sto-I) 14 
days previously. After the infusion the animals were sacririced at various times, and the 
organs and the tumor were removed In each case 770 ^1 of 20 mM phosphate buffer, 10 
mM saccharolactone, pH 3.0. were added to 230 mg of tissue, and the samples were 
homogenized using an Ultraturrax. 40 ^1 of 3.3% silver nitrate solution and 160 \i\ of 
acetonitrile were added to each 200 ^1 of this homogenate. After the samples had been 
shalcen for 30 minutes and subsequently centrifuged (5 min, 12.000 g), 100 |il of the 
supernatant were removed and diluted with 300 \l\ of phosphate buffer. 10 mM 
saccharolactone, pH 6.0, and the content of prodrug and doxorubicin was analyzed by 
means of automatic precolumn extraction on C-18 Bondelut cartridges(AASP)and high^ 
pressure liquid chromatography. 

Results: 



Table 3: Rhanmacoklnetics of prodmg and doxombicin In tumor-bearing nude mice 
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Table 3s Pharmacokinetics of prodrug and doxorubicin in 
tumor-bearing nude laics 



Substance 




w- 

Prodrug *" 




Doxo- 






(500 mg/kg) 




rubicin 










/1ft _^ /l*— \ 

(10 ing/kg) 


Organ' 


Time after 


Prodrug 


Doxo- 


Doxo- 




adminis- 


rubicin 


rubici n 

t U V 1 V III 




tration 










(h) 


(/ig/g) 


(wg/g) 


(ra/g) 


Tumor 


0,5 . 


57.1 


4 7 


1 d 


M2-Sto-l 


• '1.0 


69.3 


11 4 






4.0 


12.4 


16.4 


1.8 




8.0 


3.4 


9.2 


1.4 


Heart 


0.5 




d ft 


Q 1 
9*1 




i!o 


83 3 




1 ft 7 
lU. / 




4.0 


5.8 


4.2 


14.3 




8.0 


0.7 


3.2 


5.8 


Liver 




1^1 7 


11 .0 


23.0 




1 0 




lo • C 


c3.0 






27,7 


8.2 


17.0 




8.0 
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Example 29 

The effect of 14-0-t4-(beta-D-glucuronyloxy)-3-nitrobenzylaminocarbonyl]doxombicii1 
(prodaig) on inflammation was Investigated In a model of delayed type cutaneous reaction 
(Delayed Type Hypersensitivity. DTH) con-esponding to the metiiod described by Collins 
and fWacl^aness (J. Immunol. 101: 830-845, 1968). 

In this model, mice were immunized with a defined amount of killed Salmonella typhlmurium 
bacteria (109) twice at an interval of one weelc. Three weeks after the first Immunization a 
DTH reaction was provoked by Intrapiantar injection of a Salmonella typhlmurium antigen 
(STA). A local inflammatory, infiltrate which was composed of granulocytes, macrophages, 
lymphocytes and accumulated interstitial fluid developed. The extent of the reaction was 
measured by the increase in foot swelling 24 hours after provocation of the reaction. The 
effect of the prodmg on the inflammatory reaction was tested with two treatment schemes. 
One group received a single Intravenous administration of 500 mg/kg prodrug 2 hours after 
the STA injection, and another group received three injections of, in each case, 300 mg/kg 
prodrug at times 2, 5 and 8 hours after the STA injection. 

As Table 4 shows, both prodrug treatment schemes led to a significant reduction in the 
inflammatory reaction, and the three administrations of the prodrug were slightly superior to 
the standard therapy with the antiinflammatory ibuprofen. 

Table 4: 



Group 


24 h foot swelling 


1. Negative control 


0.82 ± 1.32 


2, Positive control 


10.7 ± 3.4 


3. Prodrug 500 mg/kg, 1.x 1,v. (t =>-+2 h) 


3.5 ± 3.9x 


4. Prodrug 300 mg/kg, 3 x i.v, (t« +2, +5, 
+8 h) 


1.1 ± 1.3XX 


5. Ibuprofen 200 mg/kg, 1 x p,o. (t - 0) 


1.7 ± 2.2xx 
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Example 30 

14-o44-{Beta-D-glucuronyloxy)-3-nitroben2ylaminocarbonyl]doxorubicin (prodmg) was 
enclosed in stealth liposomes as described by D. Papahadjopoulos et al. (PNAS. USA 
88:11460. 11464. 1991), After i.v. Injection into CD1 nu/nu mice, the plasma half-life of the 
prodrug enclosed In liposomes was » 40 hours which is distinctly longer than the plasma 
hialf-life of the free prodrug (» 20 min) (data not shown). This significant increase in t1/2[i 
led to an improved pharmacological efficacy. A less distinct increase In the plasma half-life 
was achieved by preincubation of the prodmg with 50 g/l human serum albumin or human 
acid alpha-1 glycoprotein. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS 8 



The use of gtycosyl-spacer-dmg compounds for the preparation of a pharmaceutica! 
for the treatment of diseases In which Intracellular enzymes are released or are 
made accessible by cell damage. 

The use as claimed In claim 1» wherein the glycosyl radical is a mono-, oligo- or 
polysaccharide which can be cleaved off enzymatically. 

The use as claimed In claim 1, wherein the dmg is a compound which has antitumor 
or antiinflammatory or Immunosuppressant properties, and the drugs contains an OH 
or NI-)2 group which is capable of coupling. 

The use as claimed In claim 1. wherein the spacer is self-eliminating and is bonded 
via O or N to the glycosyl radical and via O or N to the drug. 

A compound of the formula I . 

glycosy|.Y[-C(=Y)-X.]p-W(R)n-X-C(=Y>drug (I) 

In which 

glycosyl Is a poly-, oligo- or monosaccharide which can be cleaved off enzymatically. 
W Is an aromatic or heteroaromatic or aliphatic group with conjugated double 

bonds or an amino-acid derivative which cyclizes after elimination of the 

glycosyl radical. In which the substituents 
R are, Independently or identically, H, methyl, methoxy. carbbxyf. 

methyloxycarbonyl, ON. hydroxyl, nitro, fluorine, chlorine, bromine, sulfo, 

sulfamoyi or (C-|^)-aIkyl.sulfamoyl and 
p is 0 or 1 
n is an integer. 

X Is O, NH, methyleneoxy, melhyleneamino or methylene(Ci^)-alkylamino and 
Y isOorNH.and 

drug is a compound which Is linked via a hydroxyl, amino or imino group and has a 
biological effect, except anthracyclines linked via a 3*-amino group when p = 0. 

A compound as claimed in claim 5. wherein 

W is an aromatic or heteroaromatic group or an aliphatic group with conjugated • 
double bonds or an amino-acid derivative residue vt/hich cyclizes after 
elimination of the glycosyl radical and has 6-20 carbon atoms and 0-4 
heteroatoms, where heteroatom means N, O or S. to which substituents can 
, be bonded, and 

R. p, n, X, Y and dmgs are as defined In claim 5. 

A compound as claimed in claim 5. wherein 

W is a phenyl radical or a polysubstituted phenyl radical in which the 
substituents 

R are, independently or Identically, H, methyl, methoxy, carboxyl, 

methyloxycarijonyl. CN, hydroxyl, nitro, fluorine, chlorine, bromirie, sulfo, 
sulfamoyi or (Ci^) ^Ikylsulfamoyl, 

n is 1 to 4 and 

p, X, Y and drugs are as defined In claim 5. ^ 
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A compound as claimed in claim 7. wherein 

is a phenyl radical or a monosubstituted phenyl radical in which one of <he 
substituents 

is methoxy. methyloxycarbonyl. CN. hydroxy!, nitro, fluorine, chlorine, 
bromine, sulfo or sulfamoyi, and the others are hydrogen, and 
Y and dmgs are as defined in claim 5. 

A compound as claimed in claim 5, wherein drug is an anthracycline which is not 
linlced by 3*- amino groups when p = 0, preferably doxorubicin, 4*-epldoxorubicin, 

4- or 4 -deoxydoxorubicin or a compound preferably selected from the group 
comprising etoposides, N.N-bis(2- chIoroethyl)-4-hydroxyaniline, 4- 
hydroxycyclophosphamide. vindesine. vinblastine, vincristine, terfenadine, 
ter^utaline, fenoterol, salbutamol, muscarine, oxyphenbutazone, salicylic add, p- 
aminosalicylic add, 5-fluoro-uradl, 6-fluorouridine, 5-fluorocytidine. methotrexate, 
diclofenac, flufenamic add, 4-methylaminophenazone, theophylline, nifedipine, 
mitomydn C, mitoxantrone. camptothedn. m-Ai\;iSA. taxol. nocodazole, colchidne. 
cydophosphamide. rachelmydn, dsplatin, melphalan, bleomydn. nitrogen 
mustard, phosphoramide mustard, vemjcarin A, neocarcinostatin, calicheamidn. 
dynemidn, esperamidn A, quercetin, genistein, erbstatin. tyrphostin, rohitulcin ' 
derivative, retinoic add, butyric acid, phorbol ester. DiWSO, adadnomydn. 
progesterone, buserelin, tamoxifen, mifepristone, onapristone, N-(4-aminobutyl)- 

5- chloro-2-naphthalenesulfpnamide, pyridiny!oxazol-2-one. quinolyl-, 
.isoquinolyloxazol-2-one. staurosporine, ethanolamine, verapamil, forskolin, 1,9- 
dideoxyforskolin. quinine, quinidine. reserpine, methyl 18-0-(3.6-dimethoxy-4- 
hydroxybenzoyl)reserpate. lonidamine, buthionine-sulfoximine. diethyl 
dithiocarbamate, cydosporin A, rapamydn. azathioprine, chlorambucil, 
hydroxycrotonamide derivative 2, 15-deoxyspergualine, FK508, ibuprofen, * 
indomethadn. aspirin, sulfasalazine, penidllamine. chloroquine, dexamethasone 
prednisolone, mefenamic acid, paracetamol, 4-aminophenazone. muskosine 
orciprenailne. isoprenaline, amiloride, p-nitrophenyl guanidinobenzoate or their 
denvatives additionally substituted by one or more hydroxyl. amino or imino groups 
where preferred adive substances already have a hydroxyl, amino or imino group.' 

A process for the preparation of a compound according to f omiula I in daim 5. which 
compnses reacting a phenyl glycoside of the fomiula II 

gIycosyl-Y(.C(=Y).X-]p-W(R)n.X-C(=Y)-Z (II) 
in which 

glycosyl is a poly-, oligo- or monosaccharide whose hydroxyl groups are free or 
. protected by acetyl or mono-, di- or trihaloacetyl protective groups with 

halogen being fluorine or chlorine or benzyl protedive groups 
W, R, p, n. X. and Y are as defined in claim 5, and 
Z is a reactive leaving group selected from the group comprising 

chloride, bromide, azide or N-succinimldoxy. 
with a drug as defined in daim 5 in the presence of an organic base selected from 
the group comprising triethylamine, diisopropylethylamine or dimethylaminopyridine 
and a solvent selected frgm the group comprising acetonitrile, dioxane, 
tetrahydrofuran, dichloromethane or dichloroethane to give a protected intermediate 
compound, and subsequently eliminating the protective groups by hydrolysis with 
alkali metal hydroxide solution, alkali metal carbonate, alkali metal cyanide, barium 
oxide, piperidine or morpholine in the presence of methanol, ethanol or water 
resulting in a compound of the fomnula I. 
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4-0-t4-(AIpha-D-glucopyranosyloxy)phenylaminocarbonyl]etoposide, 4*-0-(4-(beta- 
D-glucopyranosyl6xy)phenylaminocarbonyl]etoposicle, 4*-0-[4-(alpha-D- 
galactopyranosyloxy)phenylaminocarbonyl]etoposide, 4'-0-(4-(beta-D- 
glucuronyloxy)phenylaminocarbonyl]eloposide. 4'-0-[4-(beta-D-glucuronyloxy)-3- 
nitrobenzylaminocarbonylletoposide. 4*-0-[4-(beta-D-glucuronyloxy)-3- 
chtorobenzy laminocarbony Qetoposide. 1 -N-[4-(beta-D- 

glucuronyloxy)benzyloxycarbonyl]mitomycln C. 14-0-(4-{beta-D-glucuronyloxy)-3- 
nitrobenzylaminocarbonyljdoxorubicin. 4-0-[4-(beta-D- . 

glucuronyloxy)ben2ylaminocarbonyl]-4-hydroxy-N,N-bis(2-chloroethyI)aniline, 4-0-14- 
(beta-D-glucuronyloxy)benzylamlnocarbonyl]terfenadine. 3'-0-[4-(beta-I> 
glucuronyloxy)benzylaminocarbonyl]terbutaline. 3'-0-[4-{beta-D- 
glucuronyloxy)benzylaminocarbonyl]fenoterol. 1 "-0-[4-(beta-D- 
glucuronyloxy)benzylaminocarbonyljsalbutamol. 3-0-I4-(beta-D- 
glucuronyloxy)benzylaminocarbonyl]muscarine. 4'-0-[4-(beta-D- 
glucuronyIoxy)benzylaminocarbonyl]oxyphenbutazone, 2-0-(4-(beta-D- 
glucuronyloxy)benzylaminocarbonyl]salicylic acid, N-(4-(beta-D- 
glucuronyloxy)benzyloxycarbonyl]diclofenac, N-I4-(beta-D- 
glucuronyIoxy)benzyloxycarbonyl]fiufenamic acid. 4-N-[4-(beta-l> 
glucuronyloxy)benzyioxycarbonyl]-4-methylaminophenazone, 7-N^I4-(beta-D- 
giucuronyIoxy)benzy!oxycarbonyl]theophylline, 1-N-[4-(beta-D- 
. glucuronyloxy)b8nzyloxycarbonyl]nifedipine. 4-{ft-D-glucuronyl)-3.nitrobenzyl 2-[1- 
cyano-1-(N-4"trifluoromethylphenyl)carbamoyl]propen-1-yl carbonate, N-[4-(alpha-D- 
gaiactopyranosyloxy-carbonylamino)benzyloxycarbonyl]doxorubicin. 9-0-t4-(beta-D- 
glucuronyloxy)-3-chlorobenzyloxycarbonyl)quinine or methyl 18-0-[3,5-*dimethoxy-4- 
[4-(beta-E>glucuronyloxy)-3-clilorobenzyloxycarbonyl]benzoyl]reserpate. 

The use as claimed in claim 1 , wherein the compound is preseht in liposomes or 
bound to carrier proteins, preferably human serum albumin or human acid alpha-1 
glycoprotein. 

The use as claimed in claim 1. wherein the compound is present in combination with 
a compound which breaks multiple dmg resistance, preferably cyclosporin A. R- 
verapamil, pentoxifylline or rapamycin. 



